Background and objectives: Fluid overload in hemodialysis patients sometimes requires emergent dialysis, but the magnitude of this care has not been characterized. This study aimed to estimate the magnitude of fluid overload treatment episodes for the Medicare hemodialysis population in hospital settings, including emergency departments.
M anaging fluid status of dialysis patients remains a challenge (1) (2) (3) . Because dialysis patients are usually oliguric or anuric, their tendency to accumulate fluid must be managed through a combination of limiting salt and fluid intake and ultrafiltration during dialysis sessions. Achieving a balance between avoiding hypovolemia during dialysis and developing fluid overload between dialysis sessions is complicated by patient adherence (4) , challenges in assessing fluid status (2, 5) , and limitations on the length of dialysis sessions (1) . Reports suggest that fluid overload is relatively common in dialysis patients (6, 7) and is associated with adverse outcomes including hypertension (3, 8) , exacerbation of congestive heart failure (CHF) (9) , and increased risk of death (7, 10) .
Although it is well known that fluid overload sometimes results in need for emergent dialysis outside of regularly scheduled dialysis sessions, the magnitude of this care has not been characterized. Emergent fluid overload treatment can occur in dialysis centers or in inpatient and emergency department settings, where the costs are likely to be higher. We developed an algorithm to estimate the magnitude of fluid overload treatment episodes in inpatient, hospital observation, and emergency department settings for the Medicare hemodialysis population, focusing on episodes that might be preventable.
Materials and Methods

Study Population
This study includes all U.S. ESRD patients who were receiving hemodialysis with Medicare as the primary payer and who survived at least 90 days after ESRD onset on January 1, 2004 . Patients who died, changed to peritoneal dialysis, underwent kidney transplant, lost Medicare primary payer status, obtained health maintenance organization (HMO) coverage, recovered renal function, or were lost to follow-up from January 1 to June 30, 2004 were excluded. This 6-month period was used as the baseline definition period. Patients were followed from July 1, 2004 to the earliest of death, modality change (from hemodialysis to peritoneal dialysis), transplant, loss of Medicare coverage (Medicare no longer primary payer), HMO coverage, recovery of renal function, loss to follow-up, or December 31, 2006.
Data and Patient Baseline Information
Data used for this study came from the Centers for Medicare & Medicaid (CMS) Renal Management Information System (REMIS) and CMS Standard Analytical Files. The REMIS database includes information from the CMS Medicare Enrollment Database, the United Network for Organ Sharing transplant database, the ESRD Medical Evidence Report (form CMS-2728), and the ESRD Death Notification (form CMS-2746). The Standard Analytical Files include Medicare Part A institutional claims (inpatient, outpatient, skilled nursing, home health, and hospice) and Part B physician/supplier claims.
Patient baseline information included demographic characteristics, renal history, hospital days and dialysis frequency in the baseline period, and comorbid conditions. Demographic characteristics, primary cause of ESRD, and dialysis initiation date were obtained from the ESRD Medical Evidence Report. Length of hospital stays in the baseline period was obtained from Part A inpatient claims, and dialysis frequency in the baseline period was obtained from Part A outpatient claims. Age was determined as of January 1, 2004 . Dialysis duration was calculated as January 1, 2004 minus first dialysis date. Number of dialysis sessions per month at baseline was defined by the total number of dialysis sessions in the baseline period divided by 6 months minus hospitalization days.
Comorbid conditions were characterized from Medicare Part A and Part B claims in the baseline period, using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Physicians' Current Procedural Terminology codes (see Appendix 1 for specific codes). A condition was considered present if a code for it appeared on one or more Part A institutional claims (inpatient, skilled nursing facility, or home health agency) or two or more Part A outpatient or Part B physician/supplier claims during the baseline period. Conditions characterized were atherosclerotic heart disease, CHF, cerebrovascular accident/transient ischemic attack, peripheral vascular disease, other cardiac vascular disease, chronic obstructive pulmonary disease, gastrointestinal bleeding, liver disease, dysrhythmia, cancer, diabetes, and dementia.
Outcomes Fluid Overload Treatment Episodes
Inclusion criteria for fluid overload treatment episodes were as follows: a claim for an episode of care in an inpatient, hospital observation, or emergency department setting with a primary discharge diagnosis of fluid overload, heart failure, or pulmonary edema (see Appendix 2 for the ICD-9-CM codes used) with dialysis performed on the day of admission or on the following day. The care setting was defined by claim type and revenue code: inpatient care by Medicare Part A inpatient claims (including claims for patients admitted to the hospital after first presenting in the emergency department); hospital observation care by Medicare Part A outpatient claims with revenue codes 0760, 0761, 0762, or 0769 (including claims for patients first presenting in the emergency department); and emergency department care by Medicare Part A outpatient claim with revenue code 045x.
A set of exclusions was applied to eliminate cases in which need for emergent fluid overload treatment was precipitated by an acute cardiac event, as indicated by cardiovascular procedures or acute myocardial infarction, vascular access problems, or any medical problem requiring surgical treatment as indentified by a surgical diagnosis-related group (DRG) code (see Appendix 3).
Finally, a length-of-stay (LOS) exclusion was applied, with the rationale that stays for treatment primarily for fluid overload should be relatively short. We plotted the LOS distribution for inpatient episodes that met all criteria except the LOS exclusion ( Figure 1 ). Of episodes with a principle discharge diagnosis of fluid overload, LOS was Յ5 days for 89% and Յ6 days for 93%. With this distribution for patients unambiguously being treated for fluid overload, we chose LOS Յ 5 days as the primary LOS exclusion criterion. As sensitivity analyses, we also performed all analyses using LOS Յ 4 days and Յ3 days as exclusion criteria.
Cost
Cost was defined as total Medicare allowable costs for the identified fluid overload treatment episodes, including Part A inpatient or Part A outpatient costs and Part B costs within the duration of the Part A claims. Part B claims directly indicate Medicare allowable costs. Medicare allowable costs in Part A claims were calculated as the sum of Medicare payments, patient deductibles, coinsurance, and amounts paid by other payers.
Statistical Analyses
Patient characteristics were analyzed for patients who did and did not experience at least one fluid overload treatment episode. Mean, SD, and median were used to describe continuous variables; categorical data were summarized using percentages.
Fluid overload treatment episode counts and rates were described overall by care setting (inpatient, hospital observation, emergency department) and by primary diagnosis. The event rate was defined as the total number of fluid overload treatment episodes divided by total follow-up time minus hospital days. Patients could have multiple events. To study risk factors for fluid overload treatment frequency, an Anderson-Gill model was used to model time to event. Risk factors assessed included age, sex, race, primary ESRD cause, comorbid conditions, dialysis duration, monthly number of dialysis sessions at baseline, and total number of hospitalization days at baseline. Because one patient might have multiple episodes, the robust standard errors of the estimates were calculated using the sandwich method to address correlation among episodes for the same patient. Comorbid conditions, dialysis duration, monthly number of dialysis sessions, and total number of hospitalization days were characterized in a time-varying fashion. Their values were defined during the 6-month baseline period for time to first episode, during the 6 months before the first episode for time to second episode, and so on.
Cost per episode was calculated overall by care setting and by primary diagnosis, reporting mean, median, and 25th and 75th percentiles. A regression model was fit for assessing the relationship between per-person per-year (PPPY) cost of fluid overload treatment episodes, for patients who had at least one, and multiple covariates. The covariates were the same as in the Andersen-Gill model. To improve normality, log transformation of medical cost was used. 
Results
Claims data from 176,790 hemodialysis patients were studied over the 2.5-year follow-up period for appearance of qualifying fluid overload treatment episodes. Mean follow-up for all patients was 2 years. Using the LOS Յ5-day cutoff, 41,699 episodes for 25,291 patients (14.3%) met study criteria; of these, 86% were inpatient, 9% were emergency department, and 5% were hospital observation stays. Episodes with heart failure as the primary diagnosis predominated (83%). Fluid overload was the primary diagnosis for 11% of episodes and pulmonary edema for 6%. Figure 2 presents counts of episodes by care setting and by primary diagnosis as exclusion criteria were sequentially applied. The overall episode rate was 13.7 episodes/100 patient-years. Setting-specific rates were inpatient, 11.8 episodes/100 patient-years; hospital observation, 0.7 episodes/100 patient-years; and emergency department, 1.3 episodes/100 patient-years.
Patients who experienced fluid overload treatment episodes were more likely to be women, to be African American, to have hypertension as the primary cause of ESRD, and to have been hospitalized during the baseline period compared with patients who experienced no episodes. Patients who experienced episodes were also more likely to have each comorbid condition studied except cancer and dementia (Table 1) . Table 2 presents associations between patient characteristics and frequency of fluid overload treatment episodes, as indicated by relative density results from the Anderson-Gill model. Characteristics associated with more frequent events included younger age (Ͻ45 years), female sex, African-American race, causes of ESRD other than diabetes, dialysis duration 1 to 3 years, smaller average number of dialysis sessions per month at baseline, hospitalizations during baseline, and all comorbid conditions studied except dementia, which was associated with less frequent events.
The average cost was $6,372 per fluid overload treatment episode. As expected, average cost for inpatient episodes ($7,171) was higher than for hospital observation ($1,947) or emergency department ($1,326) episodes. In each care setting, costs were higher for primary diagnoses of heart failure or pulmonary edema than for primary diagnosis of fluid overload (Table 3) . Linear regression analysis showed that patient characteristics associated with higher PPPY Medicare allowable costs included older age (Ն75 years), hypertension as cause of ESRD, smaller average number of dialysis sessions at baseline, number of days hospitalized during baseline, and all comorbid conditions studied except peripheral vascular disease, gastrointestinal bleeding, and diabetes. Dialysis duration Ͻ1 year showed a small association with lower costs. The associations Figure 2 . Counts of fluid overload treatment episodes when exclusion criteria are applied. AMI, acute myocardial infarction; FO, fluid overload; HF, heart failure; PE, pulmonary edema. observed were generally modest in strength, with the strongest being older age, hospital days at baseline, CHF, chronic obstructive pulmonary disease, and dementia (Table 4) . Using Յ3 or Յ4 days, rather than Յ5 days, as the LOS cutoff decreased episode counts almost entirely through fewer inpatient episodes. Using LOS Յ 4 days reduced the total episode count by 15%, from 41,699 to 35,389; using LOS Յ 3 days reduced the count by 37%, to 26,312 (Figure 2 ). Compared with average cost per episode of $6,372 using LOS Յ 5 days, average cost was 4% less ($6,112) using LOS Յ 4 days and 11% less ($5,657) using LOS Յ 3 days (Table 3) . Although magnitude of the associations varies somewhat, patterns of association between patient characteristics and frequency of events (Table 2) and PPPY cost of events (Table 4 ) remain the same regardless of which LOS exclusion is used.
Discussion
In a Medicare point-prevalent hemodialysis population, analysis of claims data found treatment of fluid overload in the inpatient, hospital observation, and emergency department settings at a rate of 13.7 episodes/100 patient-years. Total costs for the episodes identified in the study cohort over the 2.5-year follow-up period were approximately $266 million. The estimates produced by our algorithm are admittedly imprecise because of limitations of the claims data. Several aspects of the methodology merit discussion. First, episodes with primary diagnosis codes for heart failure and pulmonary edema were included, along with episodes with a primary diagnosis code for fluid overload. The relationship between fluid overload and heart failure is complex, with each exacerbating the other (9, 11) . Details available in Medicare claims data do not allow for clean separation of cases in which fluid overload was the initial condition resulting in exacerbation of heart failure versus cases in which changes in heart function resulted in fluid overload. We attempted to limit cases to those in which fluid overload was primary by using methodology that excluded episodes with codes indicating cardiovascular procedures or acute myocardial infarction. Approximately 10% of all heart failure hospitalizations were eliminated through these exclusions. Despite these exclusions, a decrease in heart function, resulting in fluid overload or pulmonary edema, may have been primary in some of the remaining cases. However, it is also likely that in some of the excluded cases, fluid overload was in fact primary, leading to acute myocardial infarction or the need for cardiovascular procedures.
Vascular access failure prevents dialysis and, in some cases, can result in a patient being admitted to the hospital or seen in an emergency department to re-establish vascular access. On arrival, such patients might well need treatment for fluid overload. Although this is an important issue, we wished to focus on episodes potentially preventable through means other than preservation of vascular access. Excluding cases with codes for vascular access procedures eliminated 8% of episodes remaining after the acute myocardial infarction/cardiovascular procedure exclusion. Excluding episodes with a surgical DRG was meant as a conservative step to exclude cases in which an underlying condition could have led to fluid overload. It eliminated only 1% of cases remaining after the acute myocardial infarction/cardiovascular procedure and vascular access procedure exclusions.
The LOS exclusion was an important final step in producing the cohort of episodes. One might argue that all cases carrying fluid overload as the primary discharge diagnosis should be included. As a conservative measure, we chose to exclude cases at the upper end of LOS distribution for this group and to apply that same LOS cut to episodes with heart failure or pulmonary edema as the primary diagnosis. Use of LOS Յ 5 days seemed reasonable given our belief that patients admitted for fluid overload treatment would not uncommonly be kept through a second dialysis session to ensure stability. Using LOS Յ4-day or Յ3-day exclusions resulted, unsurprisingly, in an important decrease in counts and total costs of episodes; however, of note, average cost per episode decreased only modestly and associations between patient factors and frequency of episodes or cost of episodes changed little. No matter which LOS exclusion is used, the magnitude of these episodes is large.
Although this study focused on potentially preventable fluid overload treatment, we are unable to define the proportion of these cases that were in fact preventable, much less which individual episodes could have been avoided. More detailed patient information would be needed to make this determination. For example, Medicare claims during the period studied do not give information on the days when dialysis was performed in the period leading up to the fluid overload treatment 6) . The independent associations with measures of morbidity, such as hospitalization during baseline and most comorbid conditions studied, indicate that sicker patients, along with younger patients, are at increased risk. Possibly, different populations are at increased risk for different reasons. Clear delineation of why specific patient groups are at higher risk would point the way toward effective prevention efforts. Younger patients were at highest risk for event occurrence, and the oldest age category (Ն75 years) was associated with higher PPPY costs. This is probably due to higher likelihood of inpatient, versus less expensive hospital observation or emergency department treatment, in the elderly population. Episodes were 89% inpatient for ages Ն75 years, 87% for ages 65 to This study demonstrates that among U.S. hemodialysis patients, treatment for fluid overload in inpatient, hospital observation, and emergency department settings is relatively common and quite expensive. Further study of this topic using data with more detailed patient information would be useful to confirm the magnitude of treatments reported here and is necessary to understand the scale and nature of prevention opportunities now present. 
